A light-signal switching system associated with a ligand exchange reaction between a probe molecule and analyte molecules on a metal complex provides unique sensing methods of ligating compounds. 1, 2 We have fabricated the detection systems of fluoride ion and catecholamine via switching of the fluorescence signal associated by exchange of sensitizing ligand with inactive analyte molecule (vice versa) on the ternary [M(AA)EDTA] (M = Zr, Tb; AA = sensitizing probe ligand) complexes.
1,2
We have fabricated the detection systems of fluoride ion and catecholamine via switching of the fluorescence signal associated by exchange of sensitizing ligand with inactive analyte molecule (vice versa) on the ternary [M(AA)EDTA] (M = Zr, Tb; AA = sensitizing probe ligand) complexes. 3, 4 N-(9-Anthrylmethyl)amines, which combined a fluorescent probe moiety with amines as the metal binding site, give an intense fluorescence in the visible region upon excitation at anthracene fragment. [5] [6] [7] [8] [9] [10] [11] [12] Protonation and deprotonation of amine moiety leads to on-off switching of the fluorescence associated with photo-induced electron transfer (PET), [5] [6] [7] [8] [9] [10] [11] [12] and this phenomenon has been applied to the fluorescent pH indicators. 13, 14 Furthermore, quenching of fluorescence signal takes place upon complex formation with paramagnetic Cu(II). 5, 11 Therefore, when the N- (9-anthrylmethyl) amine is liberated from its Cu(II) complex by substitution with some other competing ligand, the fluorescence signal will revive. Based on this, we have attempted to construct an indirect fluorometric detection system of the molecules capable of complexing to Cu (II) .
N-(phosphonomethyl)glycine (glyphosate) (Scheme 1) is the most widely used herbicide for weed control in agriculture; it works by interfering with the enzymatic activity of plants. [15] [16] [17] Reliable and sensitive methods for the determination of glyphosate and the related herbicides present an important topic for contemporary environmental monitoring. [15] [16] [17] Analytical methods so far developed involve preconcentration, and derivertization of polar glyphosate into signaling derivatives and subsequent GC or HPLC analysis. [18] [19] [20] Indirect determination of phosphate and glyphosate has been proposed by monitoring the quenching of fluorescence of aluminummorin complex in ethanol-water (4:1), where the signal intensity decreases with increase of analyte concentration. [21] [22] [23] † To whom correspondence should be addressed.
N-(phosphonomethyl)glycine (glyphosate) and aminomethylphosphonic acid (AMPA).
This study deals with the viability of PET fluorescence signaling systems of N-(9-anthrylmethyl)amines as a fluorometric detection of glyphosate associated with ligand exchange reaction on the Cu(II) complexes. Moreover, we have attempted to apply the present Cu(II) complexes as the post column detection system in the ion chromatographic separation of glyphosate and its metabolite, aminomethylphosphonic acid (AMPA) .
Experimental

Reagents
Stock solutions of Cu(II) were prepared by dissolving reagent grade CuSO4·5H2O into deionized water. Guaranteed reagent grade N-(phosphonomethyl)glycine and aminomethylphosphonic acid (AMPA) were purchased from Tokyo Kasei Ltd. (Tokyo, Japan) and dissolved in deionized water. All other reagents and solvents used were of reagent grade. N-(9-anthrylmethyl)-2-pyridylmethylamine (APA) (Scheme 1) was prepared from anthracene-9-carboaldehyde with 2-pyridylmethylamine according to the method described in the literature. 6, 7, 11 In a similar manner, N-(9-anthrylmethyl)-diethylenetriamine (ADT) was prepared by the condensation of anthracene-9-carboaldehyde and diethylenetriamine and then reduction of the resulting Schiff base with sodium borohydride. The ligands isolated as the hydrochloride salts were characterized by elemental analysis and NMR measurements.
Chromatographic separation
Each chromatographic operation was typically carried out under the following conditions. The column GL-IC-A27 (φ4.6 mm × 250 mm, Hitachi Chemical Co., Ltd.) packed with PVA based anion exchange resin (6 µm) was used as the stationary phase. An aqueous solution containing 2.5 mM (M = mol dm 
Instruments
The excitation and emission spectra were recorded on a Perkin Elmer Luminescence Spectrometer Model LS 50B at a slit width of 2.5 nm. Absorption spectra were recorded on a Hitachi U-3410 spectrophotometer. The Model LaChrom Elite (Hitachi Science Systems) equipped with L-2300 column oven, L-2130 pump, L-2200 auto sampler and L-2480 FL type fluorescence detector was used during the ion chromatographic experiments.
Results and Discussion
Switching of fluorescence signal N-(9-anthrylmethyl)diethylenetriamine (ADT) and N-(9-anthrylmethyl)-2-pyridylmethylamine (APA) are bifunctional molecules, which combined the anthryl fluorophore with tridentate and bidentate metal binding site, respectively (Scheme 1). The excitation spectra of ADT and APA in an aqueous solution at pH 4.4 commonly gave three major peaks at 350, 368 and 390 nm. We chose 368 nm for the excitation wavelength because of its higher intensity and it has no overlap with the emission spectrum. The emission spectra gave maximum intensity at 419 nm and therefore the signal at this wavelength was used for the monitoring of fluorescence intensity throughout this work.
The pH dependency of fluorescence intensity at 419 nm for ADT is given in Fig. 1 , where the fluorescence signal intensity begins to decrease at pH above 7 and almost completely disappears at pH values above 10. This coincides with the pKa values of diethylenetriamine (pKa = 4.2, 9.0, 9.8), 24 where complete proton dissociation takes place at pH values above 9.8. Quenching of the fluorescence occurs by the PET process from amine as the electron donor to anthracene fragment as the electron acceptor. 6, 7 Protonation at the amine moiety of ADT stops the PET process and the fluorescence is switched "on" in the acidic region. 6, 7 The fluorescence appears only for the mono-protonated APA at amine moiety and diprotonated and free APA species do not have fluorescence as shown in Fig.  2 . [9] [10] [11] [12] Quenching of fluorescence intensity was observed by the addition of Cu(II) to the ADT and APA solution at acidic to neutral pH region. 11 The plots of fluorescence signal intensity (419 nm) against pH in the absence and in the presence of Cu(II) ion are given in Figs. 1 and 2 , along with the difference of intensity between them. Decrease in signal intensity is associated with the complexation of the Cu(II) by the chelating fragment. Addition of Cu(II) (2.4 × 10 -6 M) in equimolar amount of ADT almost completely quenches the fluorescence signal at above pH 6 (Fig. 1) . Molar ratio plots of the fluorescence intensity against the concentration of Cu(II) varying from 3 × 10 -7 M to 3 × 10 -6 M, under the fixed concentration of ADT (3 × 10 -6 M) at pH 6.8, indicated that the 1:1 (Cu:L) complex is predominant in the present concentration range. Such stable 1:1 complex formation of diethylenetriamine moiety and Cu(II) is consistent with the high stability constant of the complex i.e., log KML = 15.9. 24 Unlike ADT, quenching is incomplete by the addition of Cu(II) (1.5 × 10 -6 M) to APA (Cu:APA = 1:2), leaving an appreciable signal background. Although formation of [Cu(APA)2] 2+ is predominant, other species including 1:1 complex and free ligand may be involved in the solution. Therefore ADT-Cu(II) is a better choice for the detection system with respect to a wide coverage of pH region, where the signal background is remarkably small.
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Ligand exchange reaction with glyphosate
Glyphosate shows a strong metal binding ability and the stability constant of the 1:1 Cu(II) complex has been determined as log KML = 11.9. 25 Since the pKa values of glyphosate are 2.0, 2.6, 5.6 and 10.6, the divalent anion is a predominant species of glyphosate in the solution of pH 6 to 7. 25 When glyphosate ion was added to the Cu(II) complexes of ADT or APA in an aqueous solution, the original fluorescence signal appears and the intensity increases with the increase of glyphosate concentration (Fig. 3) . This can be interpreted by the competed ligand exchange reaction with glyphosate, which would liberate the signal probe molecule leading to restoring the fluorescence. Since ADT is a tridentate ligand, the reaction of glyphosate with [Cu(II)(ADT)] can be expressed as a 1:1 equilibrium.
[Cu(ADT)] 2+ + glyphosate 2-= [Cu(glyphosate)] -+ ADT + In contrast, the reaction with [Cu(APA)2] 2+ system must be more complicated, in which 1:1 (glyphosate:APA) as well as 1:2 ligand substitution may be involved, accompanied with a stepwise liberation of bidentate APA.
Postcolumn detection of glyphosate in the ion chromatography
Since glyphosate and AMPA are anionic over a wide pH region, anion exchange resin was used as the column stationary phase and aqueous K2HPO4 solution (pH 6.0) as the mobile phase. Figure 4 shows the typical chromatogram for the separation of glyphosate (0.1 µg) and AMPA (40 µg), combined with the present fluorometric detection system as the postcolumn reaction. A base line separation was achieved with the order of AMPA and glyphosate. The elution order follows the order of net negative charge of the analyte ions at the given pH of the mobile phase. Linear calibration curves were obtained by standard samples of glyphosate in 2 ng to 20 µg range and in 4 µg to 400 µg range for AMPA, where the sensitivity of glyphosate in terms of slope is 1000 times larger than that obtained by AMPA. Since the fluorescence intensity increases with the amount of N-(9-anthrylmethyl)-diethylenetriamine released in the solution, the sensitivity depends on the stability of the Cu(II) complexes formed with the analyze ions. The detection limits of glyphosate and AMPA estimated by the chromatographic separation where the signal and noise ratio is S/N = 3 were 8.7 µg/l and 6.1 mg/l, respectively. Since foreign substances, including metal ions, amino acids and carboxylic acids, pass through the anion exchanger or can be separated in chromatographic procedure, interference from small amounts of such contaminants may not be significant. In addition to the glyphosate, the present fluorometric detection system induced by the ligand exchange reaction can be applicable to the postcolumn reagent for other chelate forming pesticides containing phosphonic and amino acid groups. 15 In conclusion, on-off signal change was observed for the PET fluorescence of N-(9-anthrylmethyl)amines upon complex formation with Cu(II) and release of probe molecule induced by ligand exchange in an aqueous solution. The fluorescence signal intensity increased with increase of exchangeable ligand concentration leading to the construction of a simple detection system of glyphosate, a typical herbicide. The present system was successfully applied to the postcolumn detection of glyphosate and its metabolite in the ion chromatographic analysis. 
